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SEMCONDUCTOR MANUFACTURING 
APPARATUS AND SEMCONDUCTOR 

MANUFACTURING METHOD 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application is based upon and claims the benefit of 
priority from the prior Japanese Patent Application No. 2010 
047029, filed on Mar. 3, 2010; the entire contents of which are 
incorporated herein by reference. 

FIELD 

Embodiments described herein relate generally to a semi 
conductor manufacturing apparatus and a semiconductor 
manufacturing method. 

BACKGROUND 

A back-illuminated image sensor is devised in which a 
light receiving Surface of a photodiode is provided on the rear 
Surface of a semiconductor Substrate contrasted with a front 
illuminated image sensor in the past in which light is made 
incident from the front surface of a semiconductor substrate. 
In the back-illuminated image sensor, because it is unneces 
sary to form wires and unnecessary films on the light receiv 
ing Surface, sensitivity higher than that of the front-illumi 
nated image sensor can be obtained. 

In the back-illuminated image sensor, it is necessary to 
reduce the semiconductor substrate in thickness to efficiently 
collect, on a photodiode, light made incident on the rear 
surface of the semiconductor substrate. The thickness of the 
semiconductor Substrate needs to be set to thickness for pre 
venting resolution from being deteriorated until charges gen 
erated on the light receiving surface are diffused and collected 
on the photodiode. For example, when visible light is made 
incident, the thickness needs to be set to be smaller than 20 
micrometers. 

Such a back-illuminated image sensor is formed by, for 
example, a method explained below. First, a semiconductor 
Substrate having a photodiode and an integrated circuit 
formed on the front Surface thereof is prepared. A Supporting 
Substrate having a diameter Substantially the same as that of 
the semiconductor substrate is joined to the front surface side 
of the semiconductor substrate. The semiconductor substrate 
is reduced in thickness from the rear surface side to near the 
photodiode to form a light-receiving Surface on the rear Sur 
face of the semiconductor Substrate. The Supporting Substrate 
functions as a reinforcing member when the semiconductor 
Substrate is reduced in thickness. A reflection preventing film, 
a color filter, a condensing micro-lens, and the like are pro 
vided on the light receiving Surface. 

Further, an electrode section electrically connected to the 
integrated circuit on the front surface is formed on the rear 
surface of the semiconductor substrate. Thereafter, a joined 
member of the semiconductor Substrate and the Supporting 
substrate are cut and divided by a dicing blade. Divided chips 
are bonded to a ceramic package or the like and electrode 
sections of the chips and wires formed on the ceramic pack 
age are electrically connected by wire bonding to obtain a 
semiconductor device. In this way, the semiconductor Sub 
strate having a function of a so-calledback-illuminated image 
sensor is formed. 

In the semiconductor device, the semiconductor device is 
reduced in thickness from the rear surface of the semiconduc 
tor device to a layer on the front surface in which the photo 
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2 
diode is formed. When the semiconductor device is reduced 
in thickness, the semiconductor Substrate is reduced in thick 
ness halfway by mechanical grinding or chemical mechanical 
polishing. To efficiently collect energy beams on the photo 
diode, the semiconductor substrate is desirably formed as thin 
as possible. However, because the semiconductor Substrate is 
reduced in thickness, when the integrated circuit (including 
metal wires and insulative film) is formed on the front surface 
of the semiconductor Substrate, residual stress is concentrated 
on a joint Surface side of the semiconductor Substrate and the 
Supporting Substrate. Therefore, the joining of the semicon 
ductor Substrate and the Supporting Substrate is desirably 
performed by a joining method for reducing the influence of 
the residual stress. Because a high-temperature process is 
necessary in forming an electrode on the rear Surface of the 
semiconductor Substrate, the method of joining the semicon 
ductor Substrate and the Supporting Substrate is desirably a 
method of joining the semiconductor Substrate and the Sup 
porting Substrate not via an organic material. Consequently, 
the method of joining the semiconductor Substrate and the 
Supporting Substrate is desirably a direct joining system for 
directly connecting the front Surface section of the semicon 
ductor substrate and the front surface section of the support 
ing Substrate wirelessly (see, for example, the specification of 
U.S. Pat. No. 7,479,441). 

In the direct joining system, a joining starting point is 
formed by pressing a predetermined one point. A joint inter 
face spontaneously expands from the joining starting point in 
an isotropic manner. However, a joining property of the direct 
joining Substantially depends on a state of the Substrate front 
surface. Therefore, when flatness and cleanness of the front 
surface are deteriorated, expansion speed of the joint inter 
face decreases, the isotropic expansion of the joint interface is 
deteriorated, an air layer is entrained in the joint interface. As 
a result, a Void occurs, the expansion of the joint interface is 
stopped halfway, and an un-joined section is formed. When 
the un-joined section is formed, when the semiconductor 
Substrate is reduced in thickness, separation of the semicon 
ductor Substrate and the Supporting Substrate, a break of the 
thin semiconductor Substrate, or the like occurs, and the yield 
of generation of the semiconductor device decreases. When 
the separation or the break does not occur, ifa Void is present, 
the thin semiconductor substrate is deformed, the light receiv 
ing Surface is distorted, and an imaging characteristic is dete 
riorated. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a diagram of a configuration example of a semi 
conductor manufacturing apparatus according to a first 
embodiment; 

FIG. 2 is a diagram of an example of a joined State of a first 
Substrate and a second Substrate; 
FIG.3 is a diagram of an example of a joined state in which 

the centers of the first substrate and the second substrate are 
pressed; and 

FIG. 4 is a diagram of a configuration example of a semi 
conductor manufacturing apparatus according to a second 
embodiment. 

DETAILED DESCRIPTION 

In general, according to one embodiment, in a semicon 
ductor manufacturing apparatus that joins a joint Surface of a 
first substrate and a joint surface of a second substrate, the first 
Substrate and the second Substrate arranged to oppose the 
joint Surfaces thereof each other are pressed in a predeter 
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mined position on an opposite Surface of the joint Surface of 
the second substrate such that the joint surface of the first 
substrate and the joint surface of the second substrate are in 
contact with each other. A gap is provided between the joint 
surface of the first substrate and the joint surface of the second 
substrate by a member that restrains the second substrate. The 
semiconductor manufacturing apparatus includes: a sensor 
unit that images an image including a plane area of the first 
substrate from the opposite surface side of the joint surface of 
the second Substrate or from an opposite Surface side of the 
joint Surface of the first Substrate; and a processing unit that 
calculates, based on the image, a joint interface and deter 
mines, based on a rate of change of the joint interface, 
whether joining is normally performed. 

Exemplary embodiments of a semiconductor manufactur 
ing apparatus and a semiconductor manufacturing method 
will be explained below in detail with reference to the accom 
panying drawings. The present invention is not limited to the 
following embodiments. 

FIG. 1 is a diagram of a configuration example of a semi 
conductor manufacturing apparatus 1 according to a first 
embodiment. The semiconductor manufacturing apparatus 1 
according to this embodiment is a semiconductor manufac 
turing apparatus for directly joining a first Substrate 2 and a 
second Substrate 3. The semiconductor manufacturing appa 
ratus 1 according to this embodiment includes a spacer 4, a 
stage 5, a pressing member 7, a sensor unit 10, and a process 
ing unit 11. In FIG. 1, a sectional view of the semiconductor 
manufacturing apparatus 1 according to this embodiment in 
which the first substrate 2 and the second substrate 3 to be 
joined are set (including the first Substrate 2 and the second 
substrate 3) is shown. 

FIG. 2 is a diagram of an example of a joined State of the 
first substrate 2 and the second substrate 3. FIG. 2 is an 
example of a plan view of the semiconductor manufacturing 
apparatus 1 according to this embodiment looked down from 
an upper side (the sensor unit 10 side) to the first substrate 2 
and the second substrate 3 to be joined. In the figures, the 
same reference numerals and signs denote the same compo 
nents or the same parameters. 
The stage 5 is a component for Supporting a substrate to be 

joined. In FIG. 1, the first substrate 2 is mounted on the stage 
5 of the semiconductor manufacturing apparatus 1 as the 
substrate to be joined. The first substrate 2 is arranged such 
that a joint surface 2a of the first substrate 2 corresponds to the 
second substrate 3. The substrate 2 can be a substrate made of 
any material. For example, the first substrate 2 can be a 
semiconductor Substrate. For example, when a back-illumi 
nated image sensor is manufactured, the first Substrate 2 is a 
semiconductor Substrate. An active layer (not shown) in 
which a photodiode and a transistor are formed and a wiring 
layer (not shown) electrically connected to the active layer are 
formed on the front surface of the first substrate 2. The active 
layer and the wiring layer are covered with an insulating layer. 
The Surface of the insulating layer is the joint Surface 2a. 
The second substrate 3 is a substrate joined to the first 

substrate 2. The second substrate 3 is mounted on the first 
substrate 2 with the spacer 4 inserted between the second 
substrate 3 and the first substrate 2 such that a joint surface 3a 
of the second substrate 3 is opposed to the joint surface 2a of 
the first substrate 2. Because the spacer 4 is inserted between 
the second substrate 3 and the first substrate 2, a gap 6 is 
formed to set a distance between the joint surface 2a and the 
joint surface 3a to a predetermined value. The distance 
between the joint surface 2a and the joint surface 3a is rep 
resented as distance H. The distance His different depending 
on a plane position of the first substrate 2. The distance H is 
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4 
the largest in an outer circumferential position of the first 
substrate 2 where the spacer 4 is inserted. The distance H 
decreases toward a joining starting point. 
The spacer 4 can be in contact with or can be apart from the 

joint surface 2a of the first substrate 2. The shape of the spacer 
4 can be any shape Such as a tabular shape, a tilting shape, a 
columnar shape, or a conical shape as long as the gap 6 can be 
formed between the first substrate 2 and the second substrate 
3. The conical shape is suitable to reduce a contact area with 
the joint Surfaces as much as possible. A material of the spacer 
4 can be any material. For example, metal Such as SAS or 
aluminum, ceramic, a resin material, or the like can be used. 
To prevent metal contamination of a Substrate to be joined, it 
is desirable to use a material other than metal. For example, a 
resin material such as fluorine resin or polyetheretherketone 
(PEEK (registered trademark)) can be used. 

In this embodiment, as explained above, the first substrate 
2 and the second substrate 3 mounted on the stage 5 are 
pressed by the pressing member 7 from the rear surface (a 
surface that is not the joint surface 3a) side of the second 
substrate 3. The joint surface 2a of the first substrate 2 and the 
joint surface 3a of the second substrate 3 are brought into 
contact with each other by this pressing. Joining is started 
with a point where this contact occurs set as a joining starting 
point 8. In FIG. 2, a joined region is shown as a joint interface 
9 (an interface of the joined region with an un-joined region). 
The joint interface 9 expands from the joining starting point 8 
to the outer side (a direction away from the joining starting 
point 8) in an isotropic manner. 
The shape of the distal end of the pressing member 7 can be 

any shape such as a plane or a needle shape. From the view 
points that local pressing is desirable to form the joining 
starting point with high reproducibility and the joining start 
ing point has abrasion resistance, it is effective to form the 
distal end shape of the pressing member 7 in a semispherical 
shape having a predetermined curvature. 

In this embodiment, expansion speed of the joint interface 
9 is calculated. It is determined based on the expansion speed 
whether joining is appropriately performed. When the expan 
sion speed of the joint interface 9 is low, flatness and clean 
ness the front Surface are deteriorated and the joining is not 
normally performed. It is highly likely that a void occurs. 
Therefore, in this embodiment, by monitoring the expansion 
speed of the joint interface 9, it is determined whether the 
joining is normally performed. A substrate that is not nor 
mally joined is excluded and manufacturing of a semiconduc 
tor device proceeds to the next process. This makes it possible 
to improve yield in Subsequent processes and improve effi 
ciency of the manufacturing of the semiconductor device. 

In the configuration example shown in FIGS. 1 and 2, one 
spacer 4 is arranged. However, a plurality of the spacers 4 can 
be arranged. When a plurality of the spacers 4 are arranged, 
for example, the spacers 4 are arranged to be inserted between 
the joint Surface 2a and the joint Surface 3a from positions 
different from one another on the periphery of the first sub 
strate 2 in a direction to the center of the first substrate 2. 
When a plurality of the spacers 4 are arranged, the sizes 
(distances H) of gaps 6 formed by the spacers 4 can be 
different from one another or can be the same. However, it is 
desirable to set the sizes of the gaps 6 such that the joint 
interface 9 expands from the joining starting point 8 in an 
isotropic manner. When the distances H formed by the spac 
ers 4 are set the same, to expand the joint interface in an 
isotropic manner, it is desirable to arrange the spacers 4 Such 
that distances Abetween the spacers 4 and the joining starting 
point 8 are set the same. The spacer 4 only has to separate the 
second substrate 3 and the first substrate 2 by a predetermined 
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distance. The spacer 4 can be in contact with or can be not in 
contact with the first substrate 2. 
A method of calculating joining speed in this embodiment 

is explained below. As shown in FIGS. 1 and 2, a distance 
between the joining starting point 8 and an end point (on the 
joining starting point 8) is represented as distance A, a dis 
tance between the joining starting point and the joint interface 
9 is represented as expansion distance B, and a distance 
between the joint interface 9 and the spacer 4 is represented as 
distance C. 
When the joint surface 2a and the joint surface 3a are 

opposed to each other without setting the spacer 4 (as in the 
past) and the joining starting point 8 is pressed, the joint 
interface 9 ideally expands around the joining starting point 8 
in an isotropic manner as explained above. However, actually, 
depending on a state (flatness, etc.) of the Surfaces of the joint 
Surface 2a and the joint Surface 3a, a state in which a distance 
between the joint surface 2a and the joint surface 3a is smaller 
at another point (a point other than the pressed point) near the 
pressed point than at the pressed point occurs. In Such a case, 
it is difficult to calculate a starting point of joining. Expansion 
speed of the joint interface 9 cannot be correctly calculated. 
On the other hand, in this embodiment, the spacer 4 is inserted 
between the joint surface 2a and the joint surface 3a to form 
the gap 6 to thereby prevent the start of joining from a point 
other than the pressed point. In other words, the spacer 4 is 
used to set the pressed point as the joining starting point 8. 
Therefore, in this embodiment, it is possible to calculate 
expansion speed of the joint interface 9 with the pressed point 
set as the joining starting point 8. 
The distance H caused by the gap 6 is appropriately set 

according to the size or the like of the first substrate. For 
example, if the diameter of the first substrate 2 is 300 milli 
meters, when the maximum of the distance H is set to about 
100 micrometers to 500 micrometers, expansion speed can be 
appropriately measured. The size of the gap 6 is explained 
with reference to the maximum of the distance H between the 
joint Surfaces. However, the size of the gap 6 can be set 
according to other indexes such as an average, a median, or 
the like of the distance H between the joint surfaces rather 
than the maximum of the distance H between the joint sur 
faces. 
A method of calculating expansion speed in this embodi 

ment is explained below. In this embodiment, the sensor unit 
10 images an image of an region including the joint Surface 2a 
and the joint surface 3a from the rear surface side of the 
second Substrate 3 and outputs imaged image data to the 
processing unit 11. The processing unit 11 calculates, based 
on the image data imaged by the sensor unit 10, expansion 
speed of the joint interface 9. 

Specifically, for example, the image data imaged by the 
sensor unit 10 is image data in which a change in luminance 
occurs in the joint interface 9 shown in FIG. 2. Therefore, the 
processing unit 11 calculates a position where the change in 
luminance occurs. The processing unit 11 calculates the posi 
tion of the joint interface 9 on a straight line that connects the 
joining starting point 8 and the spacer 4. An update period of 
the image data (an imaging period of the sensor unit 10) is set, 
according to assumed expansion speed, to be equal to or 
larger than an update period at which expansion speed can be 
calculated at appropriate resolution. 
As a method of calculating expansion speed, a moving 

distance of the joint interface 9 is calculated for each prede 
termined time interval and an average of moving distances is 
calculated. It is assumed that the joining starting point 8 
coincides with the pressed point. The known pressed point is 
set as the joining starting point 8. For example, there is a 
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6 
method of dividing a distance from the joining starting point 
8 to a predetermined position by elapsed time from the start of 
joining until the joint interface 9 reaches the predetermined 
position. For example, a position located on the spacer 4 side 
by /3 of the distance A from the joining starting point on the 
straight line that connects the joining starting point 8 and the 
spacer 4 is set as a measurement position. Time from the start 
of joining until the joint interface 9 reaches the measurement 
position is calculated as elapsed time. Expansion speed can be 
calculated by dividing /3xA by the elapsed time. 
As the time from the start of joining until the joint interface 

9 reaches the measurement position, time from joining start 
time until acquisition time of image data in which the calcu 
lated position of the joint interface 9 crosses over the mea 
Surement position for the first time can be set as elapsed time. 
Time when the joint interface 9 passes the measurement posi 
tion can be estimated based on the position of the joint inter 
face 9 calculated based the image data in which the calculated 
position of the joint interface 9 crosses over the measurement 
position for the first time and the position of the joint interface 
9 calculated based on image data immediately before the 
image data. Time from the joining start time until the esti 
mated time can be set as elapsed time. 
The processing unit 11 estimates, based on the calculated 

expansion speed, time when the joint interface 9 reaches the 
end point of the spacer 4 and performs control to remove the 
spacer 4 from between the joint Surface 2a and the joint 
surface 3a before the estimated time comes. Specifically, for 
example, the processing unit 11 moves the spacer 4 in a 
direction away from the joining starting point 8 to thereby 
remove the spacer 4 from between the joint surface 2a and the 
joint surface 3a. In this way, the spacer 4 can be inserted 
between the joint surface 2a and the joint surface 3a and 
removed from between the joint surface 2a and the joint 
Surface 3a according to the control by the processing unit 11 
or not-shown another control device. 
The processing unit 11 determines whether the calculated 

expansion speed is within a predetermined range. The prede 
termined range depends on, for example, a material of an 
oxide film on the front surface of a substrate to be joined. For 
example, the predetermined range is set to a range of about 10 
mm/s to 50 mm/s. For example, minimum expansion speed at 
which a void or the like does not occur is calculated by an 
analysis, an experiment, or the like in advance and the expan 
sion speed is set as a lower limit of this predetermined range. 
Concerning an upper limit of the predetermined range, for 
example, a value at which the spacer 4 can be removed until 
the joint interface 9 reaches the endpoint of the spacer 4 is set. 
When the spacer 4 can be removed until the joint interface 9 
reaches the endpoint of the spacer 4 irrespective of expansion 
speed, the upper limit does not have to be provided. 

In the example explained above, expansion speed up to the 
measurement position is calculated. However, expansion 
speed can be calculated at every predetermined time to cal 
culate a time history of the expansion speed. It may be deter 
mined based on the time history whether expansion speeds 
are within the predetermined range. Further, a restriction on a 
temporal change of expansion speed can be provided. For 
example, when expansion speed Suddenly changes, it is deter 
mined that abnormality occurs. 

In the example explained above, expansion speed in one 
direction from the joining starting point 8 to the spacer 4 is 
calculated. However, expansion speeds in two or more direc 
tions centering on the joining starting point 8 can be calcu 
lated. In that case, it can be determined whether the expansion 
speeds in the directions are within the predetermined range. It 
can be determined whether an average of the expansion 
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speeds in the directions is within the predetermined range. 
Further, in this case, a difference due to a direction of expan 
sion speed can also be calculated. Therefore, for example, it is 
possible to detect, using this difference, abnormality of the 
joint interface 9 not expanding in an isotropic manner. 

In the examples shown in FIGS. 1 and 2, the joining starting 
point 8 (the point to be pressed) is set at the end of the first 
Substrate 2. However, the joining starting point 8 is not limited 
to this and can be set in any position on the first Substrate 2. 
FIG. 3 is a diagram of an example of a joined state in which 
the centers of the first substrate 2 and the second substrate 3 
are pressed. In the example shown in FIG. 3, the pressing 
member 7 is arranged on the center of the first substrate 2. The 
center of the first Substrate 2 is arranged to be the joining 
starting point 8. 
When the center is pressed in this way, to expand the joint 

interface in an isotropic manner, a plurality of spacers for 
setting the distance A to the joining starting point 8 the same 
can be arranged. In the example shown in FIG.3, four spacers 
4-1 to 4-4 are arranged. A function and a material of the 
spacers 4-1 to 4-4 are the same as those of the spacer 4 
explained above. In the example shown in FIG. 3, the spacers 
4-1 to 4-4 are arranged from the periphery of the first substrate 
2 toward the joining starting point 8 to set the distance A to the 
joining starting point 8 the same. When the center of the first 
Substrate 2 is pressed, one spacer can be provided. However, 
it is desirable to use a plurality of spacers such that isotropic 
expansion is performed. The number of spacers is not limited 
to four shown in FIG.3 and can be any number. 

Concerning the first substrate 2 and the second substrate 3, 
organic matters such as carbon and metal contaminants such 
as Cu and Al are removed from the joint surface 2a and the 
joint surface 3a by a cleaning process before the first substrate 
2 and the second substrate 3 are carried into the semiconduc 
tor manufacturing apparatus 1. By performing such a clean 
ing process, fluctuation in Surface states of the joint Surface 2a 
and the joint surface 3a is reduced. Therefore, it is easy to 
calculate expansion speed of the joint interface 9. 
The cleaning process can be a wet process Such as organic 

cleaning by acetone, alcohol, oZone water (O3), or the like or 
acid alkali cleaning by hydrogen fluoride (HF), diluted hydro 
gen fluoride (DHF), a sulfuric acid/hydrogen peroxide mix 
ture, an ammonium/hydrogen peroxide mixture, or a hydro 
chloric acid/hydrogen peroxide mixture. The cleaning 
process can be a dry process such as plasma processing 
excited by single gas or a plurality of gases of hydrogen, 
nitrogen, oxygen, dinitrogen oxide (N2O), argon, helium, and 
the like. Further, the cleaning process can be a combination of 
the wet process and the dry process. It is desirable that the 
cleaning process is applied to both the joint Surface 2a of the 
first substrate 2 and the joint surface 3a of the second sub 
strate 3. However, the cleaning process can be applied to one 
of the joint surface 2a and the joint surface 3a. 
As the sensor unit 10, a sensor that uses any wave length 

Such as a single wavelength laser, visible light, infrared light, 
an X ray, or ultrasound can be used as long as the sensor can 
acquire image data having space resolution that allows detec 
tion of the joint interface (an interface between a joint surface 
and a non-joint Surface of the first Substrate and the second 
substrate). For example, when a substrate to be joined is 
invisible like a silicon Substrate and a joining system is direct 
joining in the atmosphere or the vacuum, it is desirable that 
the sensor unit 10 is an infrared camera of a reflection type or 
a transmission type. When the substrate to be joined is a 
transparent Substrate made of a material Such as glass, a 
sensor that uses visible light can be used. 
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8 
As a material of the stage 5, any one of an inorganic 

material, a metal material, and a resin material can be 
selected. However, when the joint interface 9 is detected by 
visible light or infrared light, it is suitable that the stage 5 is 
made of the inorganic material Such as glass, quartz, or silicon 
or the resin material. 
When a gap is formed between the stage 5 and the first 

Substrate 2, because, for example, interference fringes occur 
in acquired image data, deterioration in accuracy of calcula 
tion of expansion speed by the sensor unit 10 and the process 
ing unit 11 is caused. Therefore, the stage 5 is desirably flat. 

For example, when warp occurs in the first substrate 2, in 
Some case, a gap is formed between the stage 5 and the first 
Substrate 2 and a focus in imaging by the sensor unit 10 shifts. 
To prevent the formation of the gap, the stage 5 can include an 
attracting mechanism for attracting the first Substrate 2. A 
system for this attraction can be any system such as vacuum 
chuck (a large number of holes, grooves, or a porous material 
or a combination of the holes, the grooves, and the porous 
material) or electrostatic chuck. In the case of the vacuum 
chuck, a stage material can beformed ofaninorganic material 
Such as glass, quartz, or silicon, a ceramic material Such as 
alumina (Al2O3), a resin material Such as fluorine resin, 
polyetheretherketone (PEEK (registered trademark), or con 
ductive PEEK (registered trademark) mixed with carbon, 
stainless steel grains, or the like. However, to prevent heavy 
metal contamination by Cu or the like on the rear surface of 
the first substrate 2, it is desirable that the stage material is 
formed of the inorganic material or the resin material. In the 
case of the electrostatic chuck, aluminum nitride (AIN), alu 
mina, single crystal Sapphire, or the like is Suitable. 
The stage 5 is means for holding a substrate to be joined. 

Because flatness and the like are required of the stage 5, it is 
desirable that the stage 5 is a component dedicated to the 
semiconductor manufacturing apparatus 1. However, for 
example, when means for holding the Substrate to be joined 
flat is separately prepared, the semiconductor manufacturing 
apparatus 1 does not have to include the stage 5. 

In this embodiment, the sensor unit 10 acquires image data. 
However, a method other than the method of acquiring image 
data can be adopted as long as the method is a method of 
detecting the joint interface 9. For example, the sensor unit 10 
can be a sensor that acquires luminance on a line in a prede 
termined direction from the joining starting point 8 using a 
single wavelength laser, visible light, infrared light, an X ray, 
ultrasound, or the like and outputs, as the position of the joint 
interface 9, only a position where a change in the luminance 
OCCU.S. 

In this embodiment, the shape of the first substrate 2 and 
the second substrate 3 is a circle. However, the shape of the 
Substrates is not limited to this and can be any shape. For 
example, in the case of a square, the Substrates are pressed 
from the center. The spacers are set at vertexes. When the 
spacers 4 are set at middle points of sides, the joint interface 
9 can be expanded in an isotropic manner. 

In this embodiment, expansion speed of the joint interface 
9 is calculated as an index indicating an expansion degree of 
joining (joining force) and it is determined based on the 
expansion speed whether the joining is normally performed. 
However, a method of determining whether the joining is 
normally performed is not limited to this and only has to be a 
method of determining based on a rate of change of the joint 
interface 9 whether the joining is normally performed. For 
example, a ratio of a joint area (an inner side region of the joint 
interface 9) to a predetermined area of the first substrate 2 
(which can be the entire Substrate, can be an inner side region 
excluding several millimeters of the periphery, or can be a 
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region formed by a single or a plurality of rectangles, circles, 
or polygons) can be calculated for each predetermined time to 
calculate a time history of the joint area. It can be determined 
based on the time history whether the joint area is within a 
predetermined range. Further, a restriction on a temporal 
change of the joint area can be provided. For example, when 
the joint area is Smaller than the predetermined area, it is 
determined that abnormality occurs. Therefore, an index indi 
cating the joining force other than the expansion speed can be 
calculated based on image data or the like. It can be deter 
mined based on the index whether the joining is normally 
performed. 

In the example explained above, the spacer 4 is removed 
based on expansion speed. However, the removal of the 
spacer 4 is not limited to this. The spacer 4 can be removed 
based on a distance from the joining starting point to the joint 
interface (an expansion distance). For example, the process 
ing unit 11 performs control to remove the spacer 4 from 
between the joint surface 2a and the joint surface 3a when the 
joint interface reaches a predetermined distance from the 
joining starting point set in advance. For example, a maxi 
mum expansion distance of the joint interface 9 at which a 
Void or the like does not occur is calculated by an analysis, an 
experiment, or the like in advance and the predetermined 
distance is set shorter than the expansion distance. 

For example, a distance B from the joining starting point on 
a straightline that connects the joining starting point 8 and the 
spacer 4 is set as the predetermined distance. When the joint 
interface 9 reaches a position of the distance B (a position 
where the distance from the joining starting point is the dis 
tance B), the spacer 4 is moved in a direction away from the 
joining starting point 8, whereby the spacer 4 is removed from 
between the joint surface 2a and the joint surface 3a. 

Further, the predetermined distance B can be divided by 
time when the joint interface 9 reaches the predetermined 
distance B from joining starting time to calculate joining 
expansion speed and determine whether the joining expan 
sion speed is within a predetermined range. 

In the example explained above, expansion speed in one 
direction from the joining starting point 8 to the spacer 4 is 
calculated. However, expansion speeds in two or more direc 
tions centering on the joining starting point 8 can be managed. 
In that case, it is desirable to remove the spacers 4 from 
between the joint surface 2a and the joint surface 3a when 
expansion distances of the joint interface 9 in the directions 
reach the predetermined distance B first. It is possible to 
detect, using a time difference of the expansion distances of 
the joint interface 9 in the directions reaching the predeter 
mined distance B, abnormality of the joint interfaces 9 not 
expanding in an isotropic manner. 
As explained above, in the semiconductor manufacturing 

apparatus 1 according to this embodiment, a gap is formed 
between the joint surface 2a and the joint surface 3a by the 
spacer 4. The sensor unit 10 images image data from the rear 
surface side of the second substrate 3. The processing unit 11 
sets, based on the image data, a pressed point as the joining 
starting point 8 and calculates, based on a state of movement 
of the joint interface 9 from the joining starting point 8, 
joining force and determines, according to whether the join 
ing force (in this embodiment, expansion speed) is within the 
predetermined range, whether joining is normally performed. 
Therefore, an entrainment void is not formed in the joint 
interface 9 between the first substrate 2 and the second sub 
strate 3. It is possible to select a substrate in a satisfactory 
joined state. Therefore, it is possible to improve yield in 
Subsequent processes and improve efficiency of manufactur 
ing of a semiconductor device. Further, because Substrates 
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10 
not normally joined are removed, it is possible to prevent 
deformation of Substrates after joining. 
The processing unit 11 removes, based on expansion speed 

of the joint interface 9, the spacer 4 at timing when the spacer 
4 does not hinder expansion of the joint interface 9. Therefore, 
it is possible to calculate joining force without hindering 
expansion of joining. 
The stage 5 includes the attracting mechanism. Therefore, 

even if the first substrate 2 warps, it is possible to flatten the 
first substrate 2 on the stage 5, suppress a focus shift between 
the sensor unit 10 and the joint interface 9, and easily detect 
the expansion distance B of the joint interface 9. 

Further, the infrared camera of the transmission type or the 
reflection type is provided as the sensor unit 10. Therefore, 
even if the second substrate 3 is not made of a light transmis 
sive material, it is possible to easily detect the expansion 
distance B of the joint interface 9. Further, because the stage 
5 is made of the inorganic material Such as glass, quartz, or 
silicon or the resin material, the stage 5 tends to transmit 
visible light and infrared light. Therefore, it is possible to 
easily detect the expansion distance B of the joint interface 9. 
In this case, it is also possible to set the sensor unit 10 under 
the stage 5. Therefore, a degree of freedom of apparatus 
design is improved. 

FIG. 4 is a diagram of a configuration example of a semi 
conductor manufacturing apparatus 20 according to a second 
embodiment. The semiconductor manufacturing apparatus 
20 according to this embodiment is a semiconductor manu 
facturing apparatus for directly joining the first Substrate 2 
and the second Substrate 3. The semiconductor manufactur 
ing apparatus 20 according to this embodiment includes a 
member 21, the stage 5, the pressing member 7, the sensor 
unit 10, and the processing unit 11. 

In FIG. 4, the first substrate 2 same as that in the first 
embodiment is mounted on the stage 5 of the semiconductor 
manufacturing apparatus 20. The first Substrate 2 can be, for 
example, a semiconductor Substrate. An active layer (not 
shown) in which a photodiode and a transistor are formed and 
a wiring layer (not shown) electrically connected to the active 
layer are formed on the front surface of the first substrate 2. 
The active layer and the wiring layer are covered with an 
insulating layer 2a serving as a joint Surface. 
The second Substrate 3 is arranged to oppose the joint 

surface 3a to the joint surface 2a of the first substrate 2. The 
periphery of the rear surface (the surface on the opposite side 
of the joint surface 3a) of the second substrate 3 is attracted by 
the member 21. The gap 6 for setting a distance between the 
joint Surface 2a and the joint Surface 3a to a predetermined 
value is formed by this attraction. 

It is desirable to arrange the member 21 at vertexes of a 
regular polygon (triangle or square) centering on the center of 
gravity of the second substrate 3 as shown in FIG.3 explained 
in the first embodiment because it is possible to make defor 
mation of the second Substrate 3 symmetry during joining. 
However, the member 21 can be arranged in a plurality of 
arbitrary places. The member 21 can be formed in a ring-like 
shape. 
The member 21 can have a stage-like attracting mecha 

nism. A system for the attraction can be any system such as 
vacuum chuck (a large number of holes, grooves, or a porous 
material or a combination of the holes, the grooves, and the 
porous material) or electrostatic chuck. In the case of the 
vacuum chuck, a stage material can beformed of an inorganic 
material Such as glass, quartz, or silicon, a ceramic material 
Such as alumina (Al2O3), a resin material Such as Teflon, 
polyetheretherketone (PEEK (registered trademark), or con 
ductive PEEK (registered trademark) mixed with carbon, 
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stainless steel grains, or the like. However, it is desirable that 
the stage material is formed of the inorganic material or the 
resin material because there is no heavy metal contamination 
by Cuor the like on the rear surface of the first substrate 2. In 
the case of the electrostatic chuck, aluminum nitride (AIN), 
alumina, single crystal Sapphire, or the like is Suitable. 
When the member 21 includes the stage-like attracting 

mechanism, if the member 21 is formed of a transparent 
material Such as quartz or acrylic and the sensor unit 10 is a 
sensor that uses light Such as infrared light, it is possible to 
detect expansion of the joint interface 9 as in the first embodi 
ment. If an opening for measurement in the sensor unit 10 is 
provided in the member 21, a wavelength of the sensor unit 10 
can be chosen from a wider range of options. If the opening is 
provided in the member 21 in a position corresponding to the 
pressing member 7, it is possible to press a Surface on the 
opposite side of the joint surface 3a of the second substrate 3. 
For example, if a plurality of attracting sections (e.g., attract 
ing grooves) of the member 21 are provided from the center in 
a concentric shape, it is possible to stop the attraction from the 
center according to expansion of the joint interface. The 
attraction by the member 21 does not hinder the expansion of 
the joint interface 9. 

The processing unit 11 releases, based on expansion speed 
or an expansion distance, the attraction of the second Sub 
strate 3 by the member 21 not to hinderjoining. For example, 
the processing unit 11 releases the attraction when the expan 
sion distance reaches the distance B in the same manner as the 
removal of the spacer 4 in the first embodiment. Operations in 
this embodimentare the same as those in the first embodiment 
except that the gap 6 is formed using the member 21 instead 
of the spacer 4 and the attraction by the member 21 is released 
instead of removing the spacer 4. 

With the semiconductor manufacturing apparatus 20 
according to this embodiment, in addition to effects same as 
those in the first embodiment, because the member 21 attracts 
the rear surface of the second substrate 3, there is no concern 
about a delay of removal timing of the spacer 4 due to the 
influence offriction between the spacer 4 and the joint surface 
3a of the second substrate 3. Therefore, it is possible to obtain 
high joining force further without hindering expansion of the 
joint interface 9 compared with the first embodiment. 

The components, the shapes, the sizes, and the arrange 
ment relations explained in this embodiment are merely 
explained schematically enough for understanding and car 
rying out the present invention. The numerical values and the 
compositions (the materials) of the components are merely 
examples. Therefore, the present invention is not limited by 
the embodiments and can be realized in various forms without 
departing from the scope of the technical idea of the embodi 
mentS. 

While certain embodiments have been described, these 
embodiments have been presented by way of example only, 
and are not intended to limit the scope of the inventions. 
Indeed, the novel embodiments described herein may be 
embodied in a variety of other forms; furthermore, various 
omissions, Substitutions and changes in the form of the 
embodiments described herein may be made without depart 
ing from the spirit of the inventions. The accompanying 
claims and their equivalents are intended to cover Such forms 
or modifications as would fall within the scope and spirit of 
the inventions. 
What is claimed is: 
1. A semiconductor manufacturing method for joining a 

joint Surface of a first Substrate and a joint Surface of a second 
Substrate, the semiconductor manufacturing method com 
prising: 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

12 
pressing the first Substrate and the second Substrate, which 

are arranged to oppose the joint Surfaces thereof each 
other, in a predetermined position on an opposite surface 
of the joint surface of the second substrate such that the 
joint surface of the first substrate and the joint surface of 
the second Substrate are in contact with each other, 

restraining the second Substrate with a member to provide 
a gap between the joint surface of the first substrate and 
the joint surface of the second substrate; 

imaging an image including a plane area of the first Sub 
strate from the opposite surface side of the joint surface 
of the second Substrate or from an opposite Surface side 
of the joint surface of the first substrate; and 

calculating, based on the image, a joint interface and deter 
mining, based on a rate of change of the joint interface, 
whether joining is normally performed. 

2. The semiconductor manufacturing method according to 
claim 1, further comprising calculating an expansion distance 
of the joint interface, determining that the expansion distance 
reaches a predetermined range, and performing control to 
release the restraint of the second substrate. 

3. The semiconductor manufacturing method according to 
claim 1, wherein the image is an infrared image. 

4. A semiconductor manufacturing apparatus that joins a 
joint Surface of a first Substrate and a joint Surface of a second 
Substrate, the semiconductor manufacturing apparatus com 
prising: 

a pressing unit that presses the first Substrate and the second 
Substrate, which are arranged to oppose the joint Sur 
faces thereof each other, in a predetermined position on 
an opposite surface of the joint Surface of the second 
substrate such that the joint surface of the first substrate 
and the joint Surface of the second Substrate are in con 
tact with each other; 

a member that restrains the second substrate to provide a 
gap between the joint surface of the first substrate and 
the joint surface of the second substrate; 

a sensor unit that images an image including a plane area of 
the first substrate from the opposite surface side of the 
joint Surface of the second Substrate or from an opposite 
surface side of the joint surface of the first substrate; and 

a processing unit that calculates, based on the image, a joint 
interface and determines, based on a rate of change of 
the joint interface, whether joining is normally per 
formed. 

5. The semiconductor manufacturing apparatus according 
to claim 4, wherein the member that restrains the second 
Substrate is a spacer arranged on an periphery of the first 
substrate to be located between the joint surface of the first 
substrate and the joint surface of the second substrate. 

6. The semiconductor manufacturing apparatus according 
to claim 5, wherein 

the predetermined position is an end of the first substrate, 
and 

the spacer is arranged on an extended line of a straight line 
extending from the end of the first substrate to a center of 
the first substrate. 

7. The semiconductor manufacturing apparatus according 
to claim.5, whereina plurality of the spacers are arranged Such 
that distances from the predetermined position to the spacers 
are equal to one another. 

8. The semiconductor manufacturing apparatus according 
to claim 4, wherein the member that restrains the second 
substrate attracts the opposite surface of the joint surface of 
the second Substrate. 

9. The semiconductor manufacturing apparatus according 
to claim 4, wherein the processing unit calculates expansion 
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speed, which is moving speed, of the joint interface as the rate 
of change of the joint interface. 

10. The semiconductor manufacturing apparatus accord 
ing to claim 9, wherein the processing unit determines, when 
the expansion speed is within a predetermined range, that the 
joining is normally performed. 

11. The semiconductor manufacturing apparatus accord 
ing to claim.9, wherein the processing unit performs, based on 
the expansion speed, control to release the restraint of the 
second Substrate. 

12. The semiconductor manufacturing apparatus accord 
ing to claim 9, wherein the processing unit calculates moving 
speed of the joint interface concerning a plurality of direc 
tions centering on the predetermined position and calculates, 
based on a plurality of the moving speeds, the expansion 
speed. 

13. The semiconductor manufacturing apparatus accord 
ing to claim 12, wherein the expansion speed is an average of 
the moving speeds. 

14. The semiconductor manufacturing apparatus accord 
ing to claim 12, wherein the processing unit further deter 
mines whethera difference among the moving speeds is equal 
to or larger than a predetermined value. 

15. The semiconductor manufacturing apparatus accord 
ing to claim 9, wherein the processing unit calculates a time 
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history of the expansion speed and further determines 
whether a rate of change of the expansion speed is within a 
predetermined range. 

16. The semiconductor manufacturing apparatus accord 
ing to claim 4, wherein the processing unit calculates an 
expansion distance of the joint interface and performs, based 
on whether the expansion distance reaches a predetermined 
range, control to release the restraint of the second Substrate. 

17. The semiconductor manufacturing apparatus accord 
ing to claim 4, wherein the predetermined position is a center 
of the first substrate. 

18. The semiconductor manufacturing apparatus accord 
ing to claim 4, wherein the sensor unit is an infrared camera. 

19. The semiconductor manufacturing apparatus accord 
ing to claim 4, wherein 

at least one of the first substrate and the second substrate is 
a transparent Substrate, and 

the sensor unit is a visible light camera. 
20. The semiconductor manufacturing apparatus accord 

ing to claim 1, further comprising a stage that holds the first 
Substrate such that the opposite surface of the joint Surface is 
in contact with the stage. 


